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(54) Silicone elastomer 

(57) The cross-linked hyd rosily lation reaction prod- 
uct of an alkenyl functional silicone compound, a silyl- 
hydride functional silicone compound; and one or more 



a.p-unsaturated alkenes exhibits hydrotytic stability, 
compatibility with organic solvents and is useful as a 
component in personal care compositions. 
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D«SGiiptlon 

[00011 The present invention relates to silicone polymers, more specifically to alkyi substituted silicone elastomers. 
[0002] Silicone compositions comprising a silicone fluid and a cross-linked silicone elastomer are known, see for 
5 example. U.S. Patent No. 4.987.169. coassigned U.S. Patent Nos. 5,760. 116: 4.987,169. Neither US '169 patent nor 
the US '11 6 patent disctose dispersions of the silicone elastomer in fluids other than silicone fluids. 
[0003] WO 98/1 8849 discloses fatty alcohol or ar^)hatk; glycol-grafted silicone gels having enhanced oil compatbility. 
The grafted substituents are attached to the silicone gel via Si-O-C bonds, which are readily susceptble to hydrolysis 
in the presence of mosture. 

10 [0004] What is needed in a hydrotytically stable silicone elastomer that is compatible with media, such as hydrocar- 
bons, other than silicone flukJs. 

[0005] In a first aspect, the present invention is directed to a cross-linked alkyI substituted silicone elastomer, com- 
prising the cross-linked hydrosilylation reaction product of : 

15 (i) an alkenyl functional silicone compound: 

(ii) a silylhydride functional silicone compound; and 

(iii) one or more a.p-ethylenk:ally unsaturated alkenes. 

20 

[0006] The silicone elastomer is hydrolytk^ally stable, in that the alkyI substituents are attached to the elastomer via 
Si-C bonds having good hydrolytic stability and can be easily and economically prepared in a single step. As used 
herein, the terminotogy "hydrolytfcally stable' means a tendency not to undergo changes in stmcture, such as. for 
example, cleavage of bonds, as a result of exposure to moisture. 
25 [0007] In a second aspect, the present invention is directed to a method for making a cross-linked alky! substituted 
silicone elastomer, comprising forming the hydrosilylatwn reaction product of: 



(i) an alkenyl lunctionat silicone compound; 

30 (ii) a silylhydride functional silicone compound; and 

(iii) one or more a,p-e^hylenicalty unsaturated atkenes. 

[0008] In a third aspect, the present invention is directed to a silicone composition, comprising a liqukJ medium, said 
3$ liquid medium comprising an organic liquid, a silicone fluid or a mixture thereof: and a sificone elastomer of the present 
invention dispersed in the liqukJ medium. The elastomer of the present invention exhbits improved compatibility with 
organic liquids. As used herein, the "compataDility" of an elastomer with a liquid refers to the abflity to form a stable 
dispersion of the elastomer in organic liquid. 

[0009] In a fourth aspect, the present invention is directed to an emulsion comprising an emulsion of a first liquid 
40 phase and a second lk?uid phase and a silicone elastomer of the present invention dispersed in the emulsion. 

[0010] In a fifth aspect, the present invention is directed to a personal care composition comprising a silicone elas- 
tomer of the present invention. 



Silicone Elastomer 

45 

[0011] In preferred embodiment, the cross-linked alkyI substituted silicone elastomer of the present invention com- 
prises the cross-linked hydrosilylation reaction product of. based on 1 00 parts by weight fpbw") of the combined alkenyl 
functional silicone compound, silylhydrkJe functional silicone compound and a.p-ethylenically unsaturated alkenes. 
from 10 pbw to 99.9 pbw. more preferably from 40 pbw to 99.5 pbw. even more preferably from 65 pbw to 95 pbw of 
50 the combined alkenyl functional silicone compound and silylhydride functional silicone compound and from greater 
than 0.1 pbw to 90 pbw, more preferably from 0.6 pbw to 60 pbw, even more preferably from 5 pbw to 35 pbw of the 
one or more a.p-ethylenically unsaturated alkenes. 

[0012] In a preferred embodiment, the alky! substituted silicone elastomer of the present invention forms a cross- 
linked three dimensional network that does not dissolve in, but is capable of being swollen by a suitable liquid medium, 
55 such as for example, a low molecular weight silicone or an organic liqukJ. The amount of crosslinking present in the 
cross-linked silicone elastomer network may be characterized with respect to the degree of swelling exhibited by the 
network in the liquid medium. In a preferred embodiment, the cross-linked structure of the silicone elastomer is effective 
to allow the network to be swollen by a low molecular weight silicone fluid, as defined more fully below, from its original 
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volume to a swollen volume that is a factor of from 1 .01 to 5000, more preferably from 2 to 1 000, and even more 
* preferably from 5 to 500, times its original volume. 
[001 3] The cross-linked alkyl substituted silicone elastomer of the present invention may be formed by each of several 
aUtemative methods. 

5 [0014] In a first embodiment, the silylhydride functional silcone compound and one or more a,p-ethylenically un- 
saturated alkenes are contacted under hydrosilylatton conditrons to form an alkyl substituted silylhydride functbnal 
silicone compound and the alkyl substituted silylhydride functional silicone compound is subsequently contacted under 
hydrosilylation conditions with the alkenyl functional silicone compound to form the a cross-linked alkyl substituted 
silicone elastomer of the present invention. 

JO [0015] In a second, and preferred, embodiment, the alkenyl functional silicone compound, and silylhydride functional 
silcone compound and the one or more a,p-ethylenically unsaturated alkenes are contacted under hydrosilylation 
conditons to form the a cross-linked alkyl substituted silicone elastomer of the present invention. 
[0016] In a third embodiment, the alkeriyl functional silcone compound, and silylhydride functional silicone compound 
are contacted under hydrosilylation conditions to form a silicone elastomer gel and the gel is subsequently contacted 

15 under hydrosilylation conditbns with the one or more a.p-ethylenically unsaturated alkenes to form the a cross-linked 
alkyl substituted silicone elastomer of the present invention. 

[0017] In a preferred embodiment the alkenyl functional silicone compound comprises one or more compounds of 
the formula (I): 

"> m.m\d,d^t,t^q, (1) 



wherein: 

25 M is RiRWSiOi/a: 

Mv* is R*R5R«SiOi,^; 

D is R7R«S02^2: 

is R»Ri<^S02/2; 
TisR^SiOj/g: 
30 "prt is R^^SiOj/j; and 

Q Is Si04/2: 

R\ R2, R3.r7, R8 and R" are each independently alkyl, preferably (C,-Ceo)alkyl, aryl or aralkyi; 
R^ R^ and R''^ are each independently monovalent temiinally unsaturated hydrocariaon radteals; 
R\ R« and R^** are each independently monovalent terminally unsaturated hydrocarbon radicals, alkyl, aryl or 
55 aralkyi, preferably (C,-Ceo)alkyl. aryl or aralkyi, more preferably (C,-Ceo)alkyl; 

a, b. c, d, e. f and g are each integers wherein: 

a, b. e, f , and g are each greater than or equal to 0 and less than or equal to 50, 
0 ^ c ^ 2000. 
40 0 ^ d ^ 200, and provided that: 

(a + b) ^ (2 + 3e + 3f 4g) and 
1.5^(b + d + f)5200. 

(0018] In a highly preferred embodiment. R* is a monovalent terminally unsaturated (Cg-Cg) hydrocarbon radical; R5. 
45 R6^R7 and Rfi are each independently (q-Ce)alkyl: R5. R« R7 and R^ are each independently (Ci-Csjalkyl; b is 2: 1 00 
^ c ^ 2000; and a, d, e, f and g are each 0. 

[0019] In a preferred embodiment, the silylhydride functional silicone compound comprises one or more compounds 
of the formula (II): 

m,m",d,d\t,t"„q„ (II): 

M, D, T and Q are each defined as above 

MH is Ri3R^^RiSSiOi,<2: 
55 D^isR^W^sjOg,^: 

TH is R^^SiOa/a: 

Ri R2 R3.R7 Rfi and R" are each independently alkyl, aryl or aralkyi; R^3. R^^ and R^^ are each independently H; 
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Ri4^ R15 and R^^ are each independently H. alkyl. ary! or aralkyl. preferably (Ci-C«))alkyl, aryl or aralkyl, more 

preferably (C,-Coo)alkyl; and 

h, i, j. k. I, m. and n are each integers wherein: 

5 h, 1. 1, m and n are each greater than or equal to 0 and less than or equal to 50, 

0^j^2000, 

0 ^ k ^ 200, and provided that: 
(h + i) ^ (2 + 31 + 3m + 4n) and 
1.i5^(i+ k + m)^200. 

JO 

[0020] In a highly preferred embodiment, R^* and R^* are each independently (C,<:e)alkyl. and more preferably are 
each methyl; R^^ is H ; 4 ^ i s 30; 1 ^ n ^ 15 and h, j, k. I and m are each 0. In an alternative highly preferred embodiment, 
Ri* R^5 and R17 are each independently (Ci-Ci2)alkyl, R^3 and R^® are each H; h + i -2, 0 ^ j 5 100, 2 i k s 1 00 and 
I, m and n are each 0. 

15 10021] Suitable monovalent terminally unsaturated hydrocarbon radicals include monovalent linear or branched ter- 
minally unsaturated hydrocarbon groups. In a preferred embodiment, the terminally unsaturated hydrocarbon radicals 
are selected from linear or branched terminally unsaturated alkenyl groups containing from 2 to 10 carbon atoms per 
group, such as, for example, ethenyl, 2-propenyl, 1-methylethenyl. 2-methyl-2-propenyl, ethenylphenyl, and 3-butenyl, 
7-octenyl, more preferably, ethenyl, 2-propenyl. 

20 [0022] Suitable monovalent alkyi groups include linear or branched alky I groups. In a preferred embodiment, mono- 
valent alkyi groups are selected from linear or branched alkyI groups containing from 1 to 60 carbons per group, such 
as. for example, methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, decyl. 
dodecyl, stearyl. cetyl. ecosyl. tridecyl, hexadecyl. 

[0023] As used herein, the term "aryP means a monovalent unsaturated hydrocarbon ring system containing one or 
25 more aromatk; rings per group, which may optionally be substituted on the one or more aromatic rings with one or 
more alkyi groups, each preferably containing from 2 to 6 carbon atoms per alkyi group and which, in the case of two 
or more rings, may be fused rings. Suitable monovalent aromatic hydrocarbon radk:ate include, for example, phenyl, 
tolyl. 2,4,6-trimethylphenyl, 2-isopropylmethylphenyl, 1-pentalenyl, naphthyl. anthryl. Aralkyl includes, for example, 
phenylethyl, 2-(1 -naphthyl)ethyl. 
30 [0024] Suitable a.p-ethylen*cally unsaturated alkenes include linear or branched a,p-unsaturated alkenes, which 
may . optionally, contain more than one unsaturated site per molecule. In a preferred embodiment, thea.p-ethylenically 
unsaturated alkenes are selected from the a,p-ethylenically unsaturated alkenes containing from 2 to 60 carbon atoms 
per molecule, such as, for example, ethene, propene, 2-methylpropene, 1 -butene. 1 ,3-butadiene. 1 -pentene, 2-methyl- 
1 .3-butadiene, 1-dodecene. H20CH(CH2)i3CH3, H20CH(CH2)i5CH3, HaC-CHtCHajsoCHj. In a preferred embodi- 
es ment. the one or more a,p-ethylenically unsaturated alkenes are selected from a,p-et^vl©nk:ally unsaturaled(C4-C24) 
alkenes. 

[0025] In a preferred embodiment, the silicone elastomer of the present invention is made by contacting one or more 
alkenyl functional compounds according to formula (I) with one or more silylhydride functional silicone compounds 
according to structural formula (II) and one or more a,p-ethylenically unsaturated alkenes under hydrosilylation con- 
40 ditk>n8. 

[0026] As used herein, the terminotegy "(Cn-CJ\ wherein n and m are each integers, in reference to an organk; 
compound or substituent group means that the compound or group contains from n to m carbon atoms per molecule 
of the compound or per group. As used herein, the terminology "each independently selected from" in reference to 
organic substituents on an organosiloxane repeating unit of a polyorganosiloxane polymer means that each substituent 

45 group is selected independently from other substituent groups on the repeating unit and independently from the sub- 
stituent groups on any other analogous repeating units of the polymer A polyorganosiloxane polymer described herein 
as including more than one of a particular type of organosiloxane repeating unit, for example, dtorganosiloxane fD") 
units, wherein the substituents on the units are "each independently selected" from a defined group includes both 
polyorganosiloxane homopolymers, that is, wherein the substituents on each of the organosiloxane repeating units of 

so the polymer are the same substituents, such as, for example, a polydimethylsiloxane polymer, as well as polyorga- 
nosiloxane copolymers, that is. a polymer containing two or more analogous organosiloxane repeating units, each 
bearing different substituents, such as, for example, a poIy(dimethylsiloxane/methylphenylsiloxane) copolymer. 
[0027] In a highly preferred embodiment, R* is a monovalent terminally unsaturated (C2-Ce)hydrocari3on radical, 
more preferably, ethenyl or 2-propenyl, more preferably ethenyl; R^. R© R7 RS, Ri* and R^s are each independently 

55 (C^-Cgjalkyl. and more preferably are each methyl: R^3 is H; b is 2; 100 ^ c 5 2000; preferably 500 <; c 5 15(X); 4 ^ i ^ 
30; 1 ^ n 5 15 and a, d. e. f, g, h, j, k. I and m are each 0. 

[0028] In an alternative highly prefen-ed embodiment, R* is a monovalent terminally unsaturated (C2-Ce)hydrocarbon 
radcal, more preferably, ethenyl or 2-propenyl, more preferably ethenyl; R\ R2, R3, R*. R6.R7 R8^ ri4^ ri5 and R^^ 
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are each independently (Ci-CiJalkyl. more preferably (Ci-C^2)alkyl. still more preferably methyl, and are 
• each H; b is 2; 100 ^ c ^ 2000; preferably 5(X) ^ c ^ 1500; h + 1 -2. 0 5 j i 100, 2 i k ^ 100 and a. d, e. f, g, L m and n 

are each 0. ^ j. ^ 

[0029] Suitable alkenyl functional silicone compounds and silylhydride functional silicone compounds are descrtoed 
5 in. for example. U.S. Patents Nos. 5,506.289; 5.674,966; 5J17.010; 5,571,853: and 5.529.837. the disclosures of 
which are each hereby incorporated by reference herein. The alkenyl functionality and the silylhydride functionality 
may be combined into one molecule 8elf<uring molecule or compound, such as. for example, as disclosed in U.S. 
patent 5.698.654. 

[0030] In a preferred embodiment, the hydros ilylation reaction is carried out in the presence of a hydrosilylation 
10 catalyst. Suitable catalysts are known, as described in, for example. U.S. Patent Nos. 2.823.21 8; 3.1 59,601 : 3.1 59.662; 
and 3,775.452. and include, for example, ruthenium, osmium, rhodium, iridium, palladium and platinum hydrosilylaton 

catalysts. . ^- 

[0031] In a preferred embodiment, the hydrosilylation reaction is carried out in a reaction medium comprising one or 

more silicone fluids, one or more organk; liquids, each as more fully described below, or a mixture thereof. 

15 

Processing 

[0032] The crosslinked silicone elastomer of the present inventbn may then be further swollen with additional soh^ertt, 
whrch may be either the same as or different from the reacton medium used in making the crosslinked silcone polymer. 
20 The swollen crosslinked silicone elastomer is then subjected to shear force, for example, using a two-roll mill, a ho- 
mogenizer or a high shear mixer, to break the elastomer into partrcles. 

[0033] In a preferred embodiment, the swollen silicone elastomer is subjected high flow induced shear by forcing 
the elastomer through an orifice at high pressure. In a preferred embodiment, the viscosity of the swollen elastomer 
should be greater than 500 centiStokes ("cStk"). more preferably greater than 750 cStk. still more preferably greater 
25 than 1000 cStk and most preferably over 5000 cStk. The orifice size is limited by the ability of the pumping system to 
maintain sufficient pressure. In a preferred embodiment, the orifice area is less than 0.5 square inches (irP). preferab^ 
less than 0.1 in^. more preferably less than 0.05 in^. and most preferably less than 0.01 inP, In a preferred embodiment, 
the pressure is above 500 pounds per square inch (psi), more preferably above 1000 psi. still more preferably, over 
1500 psi and most preferably over 2000 psi. 

30 

Sifcone Compositions 

[0034] In a preferred embodiment, the silicone composition of the present invention comprises, based on 100 pbw 
of the compositbn, from 1 pbw to 99 pbw. more preferably from 5 pbw to 95 pbw. and even more preferably 1 0 pbw 
35 to 90 pbw of the liquid medium, from 1 pbw to 99 pbw. more preferably from 5 pbw to 95 pbw, and even more preferably 
10 pbw to 90 pbw of the silk^one particles. 

[0035] In a preferred embodiment, the liquid medium consists essentially of an organic Ik^uid, more preferably a 
substantially non-polar organic liquid In an first alternative preferred embodiment, the liqukJ medium consists of a 
silcone fluid. In a second alternative preferred embodiment, the Iquid medium comprises an organic Ik^uid. more 
40 preferably a substantially non-polar organk: liquid, and a siOcone fluid that is miscible with the organic liqukJ. 



Silicone Emulsions 

[0036] In a preferred embodiment, the silicone emulsion of the present invention comprises, based on 100 pbw of 
45 the combined amount of the first and second liquids, from 0.1 pbw to 99.9 pbw. more preferably from 5 pbw to 95 pbw 
and even more preferably from 1 5 pbw to 85 pbw. of the first liquid and from 0.1 pbw to 99.9 pbw. more preferably from 
5 pbw to 95 pbw and even more preferably from 1 5 pbw to 80 pbw. of the second liquid and. based on 1 00 pbw of the 
siFicone emulsion, from 0.001 pbw to 75 pbw, more preferably from 0.01 pbw to 40 pbw and even more preferably from 
0.05 pbw to 20 pbw, of the silicone elastomer of the present inventbn. 
50 [0037] In a first highly preferred embodiment of the silicone emulsion of the present invention, the first liquid phase 
is a continuous phase and the second liquid phase is a discontinuous phase emulsified whh the continuous first Iquid 
phase. In an alternative highly preferred embodiment of the silicone emulsion of the present invention, the second 
liquid phase is a continuous phase and the first liquid phase is a discontinuous phase emulsified with the continuous 
second liquid phase. 

55 [0038] In a preferred embodiment, the first liquid comprises a silicone fluid, a substantially non-polar organic liquid, 
or a mixture thereof and the second Iquid comprises water, a substantially polar organic liquid or a mixture thereof. 
[0039] In a preferred embodiment, the silicone emulsbn of the present invention further comprises one or more 
emulsifying agents. Suitable emulsifying agents useful in preparing the emulsions of the present include, for example. 
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sircone-containing emulsifying agents, emutstfying agents derived from sorbttan compounds and emulsifying agentt . 
derived from fatty alcohols, more prerferably the emulsifying agent is selected from the group consisting of fatty mad 
esters, sorbhan sesquioleate, sorbitan oleate, sorbitan isostearate, pdygtycerykS oleate, alkoxylated alcohols such as 
laureth-4, laureth-7. deceth-12. 8teareth-10. hydroxytated or alkoxylated derivatives of silicone compounds such as 
5 dimethicone copolyol, cetyl dimethicone copotyol. and lauryl methicone copolyol, glyceryl esters such as potyglyceryl- 
4-isostearyl and mixtures thereof. 

[0040] The first liquid, second liquid and silicone elastomer are mixed together to form the silicone emulsion of the 
present invention. Preferably, the components of the disperse phase is added to the components of the continuous 
phase while subjecting the mixture of components to bw shear mixing and the mixture so formed is then subjected to 

w high shear mixing. In a preferred embodiment, a dispersion of the silicone elastomer of the present invention in the 
first liquid is slowly added to the second liquid while subjecting the combined phases to low shear mixing, such as, for 
example, in a mixing tank equipped with a propeller-type stirrer, and then the mixture so fonned is subjected to high 
shear mixing, for example, in a Sonolator apparatus, a Gaullen homogenizer or other high shear mixer, such as an 
Eppenbach Mixer, to form the silicone emulsion. In a more highly prefen-ed embodiment, an emulsifying agent is com- 

15 bined with the first liquid prior to adding the components of the first phase to the components of the second phase. 

Silicone Fluid 

[0041] Silicone fluids suitable for use as the silicone fluid component of the compositbn of the present invention are 
20 those organosilicon compounds that are in the liquid state at or near room temperature, for example, from about 20 
*C about 50'C. and about one atmosphere pressure. In a preferred embodiment, the silicone fluid component of the 
composition of the present invention having a viscosity of below about 1 ,000 centistokes, preferably below about 500 
centistokes. more preferably below about 250 centistokes, and most preferably below 1 00 centistokes, at 2S°C. Suitable 
silicone fluids include, for example, cyclic silbones of the formula 0^. wherein D is defined as above, and are 
25 each preferably methyl, and r is an integer wherein 3 5 r ^ 1 2. such as, for example, hexamethylcyclotrisiloxane CPj"). 
octamethyl cycle- tetrasiloxane ("D/), decamethy Icy dope ntasiloxane ("Dj"), and dodecamethyteyctohexasitoxane 
("Og*) as well as linear organopolysibxanes having the formula (III): 

M'D' (111) 

30 ' 

wherein; 

M* is R^»R»R2iSiOi/2: 

55 D* is R22R23Si02/2: 

Ri9^ R20.R21, r22 and R2^ are each independently alky I. aryl or aralkyi; 

s is an integer of from 0 to 300. wherein 0 ^ s 5 300. preferably 0 ^ s 5 1 00, more preferably 0 5 s 5 50, and most 
preferablyO^s <2a 

^ Organic Liquid 

[0042] Suitable organb liquids include any organic compound that is in the liquid state at or near room temperature, 
for example, from about 20 ""C about SO^'C. and about one atmosphere pressure, that is substantially inert to the silicone 
phase, that is, does not undergo a chemical reaction with any of the components of the silcone phase, under the 
^ anticipated conditions of processing and use and that is suitable for use in the intended end-use application, such as, 
for example, a cosmetic composition, to be prepared from the non-aqueous silicone composition of the present inven- 
tion, 

[0043] As used herein, the terminology "substantially non-polar" means exhibiting a dipole moment of less than about 
0.9. Suitable substantially non-polar organic liquids include, for example, linear or branched hydrocarbon liquids, such 

^ as. for example, isododecane, hexadecane and octadecane, natural oils, such as. for example, coconut oil, almond 
oil. apricot oil, mineral oils castor oil and soybean oil. fatty alcohols such as octadecanol. dodecanol or stearyl alcohol, 
fatty acids, such as. for example, stearic acid, lauric acid, palmitic acid, esters, such as, for example, (C,2-C^5)alkyl- 
benzoates. hexyl laurate, decyl stearate and glyceryl trioctanoate, as well as mixtures of twoor more of any of the above. 
[0044] In a highly preferred embodiment, the substantially non-polar organic liquid compr^es a hydrocarbon liquid, 

55 more preferably a (Cio-C24)alkane. 

[0045] As used herein, the terminology "substantially polar" means exhibiting a dipole moment of from about 0,9 to 
4.5. Suitable substantially polar organic liquids include organic hydroxylic liquids, such as, for example, alcohols, gly- 
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cols, polyhydric alcohols and polymeric glycols. More preferably, the substarrtially polar organic liquid is setected ff|wn . 
of alcohols including polyhydric alcohols, glycols, including polymeric glycols, and mixtures thereof. PreferablyC the' 
substantially polar organic liquid contains an (Ci-C,2)alcohol, such as for example, ethanol, propyl alcohol and iso- 
propyl alcohol, a (Cg-C, 2)gtycol. such as for example, ethylene glycol, propylene glycol, dipropylene glycol, triprbpylene 

5 glycol, butylene glycol, iso-butylane glycol and methyl propane diol, a polyhydric alcohol, such as for exampte. glycerin 
erythritol and sorbitol, or a polymeric glycol, such as for example, polyethylene glycol, polypropylene glycol mono alkyl 
ethers and polyoxyalkylene copolymers. In a highly preferred embodiment, the substantially polar organic liquid is 
selected from ethanol. propyl alcohol, iso-propyl alcohol, ethylene glycol, propylene glycol, dipropylene glycol, tripro- 
py lene glycol, butylene glycol, iso-butylene glycol, methyl propane diol. glycerin, erythritol sorbitol, polyethylene glycol. 

10 polypropyl©"® glycol mono alkyl ethers, polyoxyalkylene copolymers. 

Personal care compositions 

[0046] The personal care applications where the silicone elastomer of the present invention may be empteyed in- 
15 elude, but are not limited to. deodorants, antiperspirarrts. skin totions. moisturizers, hair care products such as sham- 
poos, mousses and styling gels, protective creams such as sunscreen and anti-aging products, cok)r cosmetics such 
as lipsticks, foundations, blushes, makeup, and mascaras and other cosmetic formulations where silicone componenU 
have been conventionally been added, as well as drug delivery systems fortopical applk:at»n of medicinal compositions 
that are to be applied to the skin. 
20 [0047] Suitable personal care compositions are made by combinir>g, in a manner known in the art, such as, for 
example, by mixing, one or more of the above components with the silicone elastomer of the present invention, the 
sii'cone compositbn of the present invention or the silicone emulsion of the present invention. Suitable personal care 
compositions may be in the form of a single phase or in the fonn of an emulsion, irxrluding oiMn-water, water-in-oil and 
anhydrous emulsions. 

25 [0048] In a preferred embodiment, an anti-perspirant compositton comprises one or more act'rve anti-perspirarrt 
agents, such as. for example, aluminum halides. aluminum hydroxyhalides, for example, aluminum chlorohydrate, and 
complexes or mixtures thereof with zirconyl oxyhalides and zirconyl hydroxyhalides. such as for example, aluminum- 
zirconium chlorohydrate, and the silicone elastomer of the present inventk)n. 

[0040] In a preferred embodiment, a skin care compositton comprises silicone elastomer of the present invention, 

so and optionally, further comprises a vehicle, such as. for example, a silicone oil or an organic oil. The skin care com- 
position may. optionally, further include emollients, such as. for example, triglyceride esters, wax esters, alkyl or alkenyl 
esters of fatty acids or polyhydric ateohol esters and one or more the known components conventbnally used iji skir^ 
care compositions, such as. for example, pigments, vitamins, such as, for example, vitamin C and vitamin E. sunscreen 
or sunbtock compounds, such as for example, titanium dioxide, oxybenzone sunscreens and p-aminobenzoicacid!. , 

55 [0050] In a preferred embodiment, a personal care composition comprises a rwrvaqueous emulsion of tNLf]lic»r» 
elastomer of the present invention and one or more water-sens'rtive dermatobgical active agents or cosmetic active 
agents, such as for example, ascorbk; acW or an enzyme, partfcularty a protease, such as for example, enzyme soU 
under the trade name SUBTIUSIN SP 544 by Novo Nordisk or the enzyme soW under the trade name LYSOVEG by 
Laboratoires Serobiologiques de Nancy. 

40 [0051] The personal care composition of the present inventk>n may. optionally, further contain such know components 
as. for example, emollients, moisturizers, humectants. pigments. cok>rants, fragrances, bfecides, preservatives, exfo- 
liants, hormones, enzymes, medicinal compounds, antimicrobial agents, anti-fungal agerrts, vitamins, salts, electro- 
lytes. alcohols. polyols. absorbing agents for ultraviolet radiation, botanical extracts, surfactartts, silicone oils, organic 
oils, waxes, thickening agents such as, for example, fumed silica or hydrated silk:a. clays, such as, for example, ben- 

45 tonrte, and organo-modified clays. 

Examples 1 and 2 and Comparative Example 1 

[0052] The silicone elastomer of Example 1 is made by combining: (i) 2000 grams of divinyl sitexanes of the average 
50 formula IJi'^z^^oo^ wherein hX^ and D are each defined as for formula (1) above: R* is ethenyl; and R^ P7 and R® 

are each methyl; (ii) 23.0 grams of silylhydride functional resins of the average formula (M^jQ)*. wherein and Q 

are each defined as for formula (II) above. R^^ h and R^* and R^* are each methyl: and (iii) 36 grams of mixed a. 

p-ethylenically unsaturated (Cie-C,e) alkenes with 6000 grams of Dj in 10 liter mixer. A hydrosilylatran catalyst (0.4 

grams of 1 0% platinum catalyst solution) was then added to the reactor. The corrtents of the reactor were then stirred 
55 and heated to 80*^0 over 7 hours. The polymerized solid product, in the form of a fluffy white powder, was then removed 

from the reactor, diluted to 4.75 wt% solids with D5 and subjected to high shear in a Sonolator homogenizer (orifice 

size = 0.0007 in^) for four passes at 4500 psi to produce a clear gel. 

[0053] The silicone elastomer of Example 2 is made by combining (0 2000 grams of the divinyl siloxanes described 
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above in Example 1, (ii) 97 grams of linear silylhydride-funclional resirw of the average formula f>^sP2sP^22^ wherein: 
M. D and D« are each defined as for formula (II) above, Ri« is H and R^, R^ R7 R^, RU. Rl« Ri» and R^^ are 
each methyl, and (iii) 43 grams of mixed a, p-ethylenicall/ unsaturated (C^e'^ie) ^^ones with 6000 grams of D5 in a 
10 liter mixer. The mixture was stirred and 5 ppm of platinum catalyst was added. The reaction Was heated to 80pC 
5 over 7 hours. The product was then diluted to about 6.05% polymer content and then subjected to high shear in a 
Sonolator^ homogenizer for four passes at 4500 psi to generate a clear gel. 

[0054] The composition of Comparative Example CI was made by a process analogous to that descrtoed above for 
the elastomer of Example 1 except that the mixed (C^j-C^Jolefins were omitted from the reaction mixture. The reaction 
product was diluted to 5.5 wt% solids with D5 and subjected to high shear in a Sonolator homogenizer for four passes 

10 at 4500 psi to produce a clear gel. 

[0055] Each of the compositions of Examples 1 and 2 and Comparative Example 01 were mix«J with isododecane. 
[OOSB] A sample of 50 pbw of the composition of Example 1 was diluted with 50 pbw isododecane to form a visualty 
clear mixture having a viscosity of 1 2.500 ctks. with no evidence of precipitation of gel particles. 
[0057] A sample of 50 pbw of the composition of Example 2 was blended with 30% added isododecane. The resulting 

'5 visually clear gel had a viscosity of 15.500 cSt. 

[0058] A sample of the composition of Comparative Example CI was also diluted with isodecane. As isododecane 
is added to and mixed with the composition of Comparative Example CI. the viscosity of the mixture so formed falls 
rapidly to less than 1 00 cSt at about 30% added isododecane. Small particles were observed on the sides of the flask. 
[0059] These results observed for mixtures of isododecane with the compositions of Examples 1 and 2 demonstrate 

20 the compatibility of the alkyi substituted elastomers with the isododecane. i.e.. it appears that the isododecane is able 
to further swell the elastomeric particle to thereby maintain the viscosity of the dispersbn relative^ stable. The clear 
visual appearance of the dispersions provide further indicatbn of compatibility of the alky! substituted elastomers with 
the isododecane. 

[0060] The results observed for Comparative Example CI indicate that the isododecane is not compattole with the 
25 elastomer of Comparative Example CI . but rather appears to be drawing D5 from the elastomer particles, resulting in 
a dramatic decrease in the viscosity of the mixture. Furthermore, the small particles were obsen/ed on the skies of the 
flask, indrcate precipitatk>n of the elastomer from the isododecane/Ds solution. 

Examples 3-8 and Comparative Examples C2-C6 

30 

[0061] A silicone polymer was made by adding 182 pbw of a silicone resin having an average formula of (MH2Q)4, 
2000 pbw of a 40000 cSt terminally substituted divinylpolysitoxane 276 pbw of (C24-C2s)a-olefirijEuid 6000 pbw of 
decamethylcyclopentasiloxane to reacton vessel. A platinum catalyst (0.42 pbw of 10% solution) was added to the 
reactk)n vessel and the contents of the reactbn vessel were then mixed and heated to oy|^7 hours. The product 
35 so formed was then removed from the reaction vessel and diluted with additional decamethylcyj^j;^,^^ until 
the polymer solids concentratbn was 5.5%. The diluted product was then subjected to h'^h sheiar in a Sonolator ho- 
mogenizer for three passes at 4500 psi. to give a clean, high viscosity gel. 

[0062] The composition of Example 4 was made by diluting the gel of Example 3 with 20% by weight of isohexade- 
cane. The isohexadecane was absorbed to produce a clear gel with viscosity of 60.000 cSt. 

40 [0063] The composition of Comparative Example C2 was made by diluting Comparative Example CI with 20% by 
weight of isohexadecane. The resulting mixture was a cbudy, free flowing liquki with a viscosity of less than 100 cSt. 
[0064] The composition of Example 5 was made by diluting the get of Example 3 with 20% by weight of (C24-C28)a- 
olefin. Upon heating to the olefin melting point, the mixture formed a clear solutbn and upon cooling, the product 
mixture was a homogeneous. k)w melting soft waxy solid that spreads easily onto the skin. 

45 [0065] The composition of Comparative Example C3 was made by diluting Comparative Example C1 with 20% by 
weight of (C24-C28)a-olefin. Upon heating to the melting point of the wax, a cloudy, heterogeneous mixture consisting 
of large domains of wax and silicone elastomer was formed. On cooling, a heterogeneous mixture of elastomer and 
wax was formed. 

[0066] The composition of Example 6 was made by diluting the gel of Example 3 with 30% by weight of hydrogenated 
50 polyisobutene. The hydrogenated polyisobutene was to produce a clear, homogeneous gel with a viscosity of greater 
than 4000 cSt. 

[0067] The composition of Comparative Example C4 was made by diluting Comparative Example CI with 30% by 
weight of hydrogenated polyisobutene. The resulting mixture was a free flowing liquid of 988 cSt. 
[0068] The composition of Example 7 was made by diluting the gel of Example 3 with 20% by weight of stearyl 
55 alcohol. Upon heating to mehing point of the stearyl alcohol, the stearyl alcohol was absorbed by the elastomer and 
produced a visually clear solution. Upon cooling, the product mixture was a homogeneous, tow melting soft solkJ that 
spreads easily onto the skin. 

[0069] The composition of Comparative Example C5 was made by diluting Comparative Example CI with 20% by 
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weight of stearyl alcohol. Upon heating to the melting point of the ctearyl alcohol, a cloudy heterogeneous solution was 
formed. On cooling, the stearyl alcohol solidified to form a heterogeneous mbrtura of stearyl akx)hol particles and 

[o070r The composition of Example 8 was made by diluting the gel of Example 3 with 20% by weight of isostearic 
acid The isostearic acid was absorbed to produce a clear, homogeneous gel with a viscosity of 76,000 cSt 
(0071] The composition of Comparative Example C6 was made by diluting Comparative Example C1 with 20% by 
weight isostearic acid. The resulting mixture was a ctoudy, free flowing liquid of less than 100 cSt. 



Example 9 

[0072] The make-up foundation composition of Example 9 is made by combining the listed components in the relative 
amounts (in pbw) set forth below in TABLE I. 



TABLE I 



Oil Phase 


Cyclopentasiloxane and dimethicone copolyol 


10 


Silicone elastoSiliconmer of Example 1 


10 


C30-45 AlKyl Dimethicone 


2 


Cyclopentasibxane 


20 


Bis-Phenyl Propyl Dimethicone 


10 


Sofbitan Oleate 


0,5 


Pigment dispersion WE (Kobo) 


5 


Water Phase 


Water 


42.3 


Potysorbate 20 


0.2 


NaCI 


1 



[0073] The silicone phase and water phase are made separately The components of the silicone phase are added 
to a mixing vessel in the order listed and mixed together wrth moderate agrtation. The components of the water phase 
are added to a mixir^ vessel in the order listed and mixed together with moderate aorlation. The water phase is then 
added to the silicone phase at a rate of addition is sufficiently slow to allow the water phase to be completely incorporated 
in the silicone phase to provide a water-in-silicone emulsion having a substantially homogeneous appearance. 
[0074] The make-up foundatwn composition of Example 9 provides the excellent sensory properties of an oil-in- 
silicone type foundation. The alkyi f unctionalized elastomer stabilizes the emulswn and gives a smooth, silky feel with 
even coverage. 



Example 10-12 

[0075] The anhydrous emulsions of Examples 10-12 are made by combining the listed components in the relative 
amounts (in pbw) set forth below in TABLE II. 



TABLE II 



Silicone Phase 


Cyclopentasiloxane and dimethicone copolyol 


10 


10 


10 


Silicone elastomer of Example 1 


10 


10 


10 


Organic Phase 


Butylene Glycol 


80 






Propylene Glycol 




80 




2-methyl-1,3 Propane-Diol 






80 
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[0076] ■ The components of the silicone phase are added to a mixing vessel in the order listed and mixed together 
wrth moderate aghation. The organic phase is then added to the silicone phase at a rate of addition is sufficiently slow 
to allow the organic phase to be completely incorporated in the silicone phase to provide a glycoMn-silicone emulsion 
having a substantially homogeneous appearance. 

[0077] The anhydrous emulsions of Examples 1 0-1 2 provide an excellent non-tacky smooth feel. 
Example 13 

[0078] The antiperspirant composition of Example 13 is made by combining the listed components in the relative 
amounts (in pbw) set forth below in TABLE III. 

TABLE 111 



Silicone elastomerof Example 1 


80 


Aluminum Chlorohydrate 


20 



[0079] Aluminum chlorohydrate is then added to the elastomer and mixed 

[0080] The antiperspirant composition of Example 1 3 illustrates the stabilization and thickening effects of the alkyi 
functionalized elastomer of the present invention. The resultant formula is creamy Unlike most organic wax or clay 
thickened systems, this formulation shows no syneresis or separation with time. Additionally, the formula is smooth 
and easy to apply with virtually no visually detectable reskJue. 

Example 14 

[0081] The clear anhydrous gel antiperspirant compositions of Example 10-12 are made by combining the listed 
components in the relative amounts (in pbw) set forth below in TABLE IV. 

TABLE IV 



Siftcone Phas0 


Cyclomethicone and Dimethicone Copolyol 


2.5 


Silk:one elastomer of Example 1 


7.0 


Bis-Phenyl Propyl Dimethicone 


14.5 


Glycd Phase 


Polysorbate 80 


0.25 


Propylene Glycol 


47.42 


30% ZAG solution in Propylene Glycol 


23.33 


(Westchlor A2Z 8106) 




Ethanol 


5.0 



[0082] The components of Part A are mixed together, resenting 3 percent of the propylene glycol for later use. The 
polysorbate 80 and ethanol are then dissolved in remaining propylene glycol. The ZAG solution is added to propylene 
glycol solution and mixed to form Part B. The refractive Indices of Part A and Part B are each measured. The resented 
propylene glycol is added by Increments to part B to match the refractive index of Part B to Part A within --0,00010 
units. Once the desired refractive Index match is obtained, Part B is slowly to Part A with moderate shear mixing. The 
agitation is gradually increased to high shear as the mixture thickens and then continued for -5 minutes. The mixture 
is then homogenized for --2 minutes in a high speed high shear mixer. 

[0083] This example demonstrate a clear antiperspirant gel using an anhydrous gtycoHn-silicone form. The formu- 
lation is stable, and with excellent sensory properties and provides a non-tacky, smooth and silky feel. 

Example 15 

[0084] The oil-in-water gel composition of Example 13 is made by combining the listed components In the relative 
amounts (in pbw) set forth betow in TABLE V. 
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TABLE V 



Part A 


Water 


88.79 


Disodium EDTA 


0.03 


Citric Acid (10% solution) 


0,03 


Carbomer 


0.4 


PartB 


1 ,3 butyiene glycol 


2.0 


Glycerin (99%) 


3.5 


PartC 


Bis-Phenyl Propyl Dimethicone 


0.35 


Silicone elastomer of Example 1 


3.0 


PartD 


Sodium Hydroxide (10% solution) 


1.6 



[0085] The EDTA and citric acid are added to the water with moderate agitation until dissolved. The Carbomer is 
then to the water mixture slowly until dissolved. The components of B are then added to part A with moderate agitation. 
The components of art C are then added to tine mixture of parts A and B in order listed. Part D is then added to the 
mixture with sweep agitatbn and pH adjusted to 7.2. 

[0086] The oiMn-water gel composition of Example 15 illustrates the stabilization find detackification effects of elas- 
tomer in a carbomer thickened oil-in-water emulsion. The formulation imparts a silky non-tacky and light feel to the skin. 



Claims 

1. A silicone elastomer, comprising the cross-linked hydrosilylation reactbn product of: 

(i) an alkenyl functional silicone compound; 

(ii) a sitylhydrkJe functbnal silicone compound; and 

(iii) one or more a.p-ethylenically unsaturated alkenes. 

2. The composition of claim 1 , wherein the compositbn comprises the cross-linked hydrosilylation reaction product 
of. based on 100 parts by weight of the combined alkenyl functional silicone compound, silylhydride functional 
silicone compound and a.p-ethylenically unsaturated alkenes. from 10 parts by weight to 99.9 parts by weight of 
the combined alkenyl functional silicone compound and silylhydride functional silicone compound and from greater 
than 0.1 parts by weight to 90 parts by weight of the one or more a,p-ethylenically unsaturated alkenes. 

3. The composition of claim 1 . wherein the alkenyl functional silicone compound comprises one or more compounds 
of the formula: 

a DC at 19 

wherein: 

Mis R^R2R3siOv2: 

is R*R5R«SiO,,^; 
D is R7R8SiOi/2; 

is R«Ri0SiO^,2: 
Tis R"Si03,2; 
■P* is Ri2si03/2; and 
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• Qi6Si04/2: 

R\ R2. R5,R7, R8 and R^^ are each independently alky!, aryl or aralkyl;R* R» and R^2 are each independently ' 
monovalent temiinally unsaturated hydrocarbon radicals; 

R5 R« and R^*> are each independently monovalent terminally unsaturated hydrocarbon radicate, alkyi, aryl 
or aralkyi; 

a. b. c. d, e. f and g are each integers wherein: a, b, e. f, and g are each greater than or equal to 0 and less 
that! orequal to 50.0sc<2000 . 05d^200.and provided that: (a+b)^(2 + 3e + 3f + 49) and5(b + d + f)^200. 

4. The composition of claim 3, wherein R* is a monovalent terminally unsaturated (C2-C6)^^^^^^f^on radical: R* 
R6,R7 and R^ are each independently (C^-Celalkyl; R^, R^R^ and R^ are each independently (Ci-Ce)alkyl; b is 2; 
1 00 £ c i 2000; and a. d, e, f and g are each 0. 

5. The compositbn of claim 1 , wherein the silylhydride functional silk;one compound comprises one or more com- 
pounds of the formula: 

m,m",d,d",t,t"^q„ 

wherein: 

Mis R^R2r3SIOv2: 
MH is Ri3m*Ri5SiOi/2; 
D is R7R«Si02/2; 
D« is R^«Ri7SD2,2: 

T is R^iS"Oy2: 
TH is Ri^SiOa^; 
Q is S'0^2, 

R3,R7 R8 and R" are each independently alkyl. aiyl or aralkyi; 
Ri3^ pi8 and R^^are each independently H; 
Ri*, R15 and R^^ are each independently H, alkyl. aryl or aralkyi: and 

h, I, j, k. I, m. and n are each integers wherein h. i. 1. m and n are each greater than or equal to 0 and less 
than or equal to 50. 0 ^ j < 2000 . 0 ^ k s 200. and provkled that (h + i) ^ (2 + 31 + 3m + 4n) and 1.5 5 (I + k 
+ m)^200. 

6. A method for making a cross-linked alkyl substituted silicone elastomer, comprising forming the hydrosilylatten 
reaction product of (i) an alkenyi functional silicone compound; (iO a silythydrkie functional siFicone compound; and 
(iii) one or more o^p-unsatu rated alkenes. 

7. The method of claim 6. wherein the cross-linked alkyl substituted silicone elastomer is formed by contacting the 
alkenyi functional silicone compound, silylhydride functional silicone compound and the one or morea.p-ethylen- 
ically unsaturated alkenes under hydrosilylation conditions in a medium comprising one or more silicorte flukJs, 
one or more organic Ik^uids or a mixture thereof. 

8. A silicone composition, comprising a Ttqu id medium, said liquid medium comprising an organic liquid; and a silicone 
elastomer dispersed in the liquid medium, said elastomer comprising the cross-linked hydros ilylatwn reaction prod- 
uct of (i) an alkenyi functional silicone compound; (ii) a silylhydride functional silicone compound; and (iii) one or 
more a.p-ethytenicatly unsaturated alkenes. 

9. A silicone emulsion, comprising an emulsion of a first liquid phase and a second liquid phase and further comprising 
a silicone elastomer dispersed in the emulsion, said silicone elastomer comprising the cross-linked hydrosilylation 
reaction product of (i) an alkenyi functional silicone compound; (ii) a silylhydride functional silicone compound; and 
(iii) one or more a,p-ethylenically unsaturated alkenes. 

10. The silicone emulsion of claim 9. wherein the first liquid comprises a silicone fluid, a substantially non-polar organic 
liquid or a mixture thereof and the second liquid comprises water, a substantially polar organic liquid or a mixture 
thereof. 
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